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@ A communication system comprising a master 
station and a plurality of slave stations connected for 
serial transmission by a transmission line, using a 
HDLC-type protocol. Each of the slave stations is 
equipped with a system counter and a control timing 
setting register. Each slave station receives data 
when address information included in a transmission 
frame sent by the master station matches its own 
address and presets the system counter so that 
control timing for the object to be controlled by the 
master station matches the timing by the one or 
more slave stations. As a result, plural slave stations 
can output a control signal which matches the con- 
trol timing for an object to be controlled by master 
station when the contents of the system counter 
match the contents of control timing setting register. 
The predetermined value may be preset and may be 
based on a collection of actual control timing data 
between the master station and each slave station. 
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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates to a communica- 
tion system for use with a numerical controller or 
the like for data transfer, via a serial transmission 
line, between the numerical controller and one or 
more servo amplifiers/spindle amplifiers for servo 
motors in an object to be controlled, such as a 
drive mechanism for a machine tool. 

Description of the Conventional Art 



i Fig. 11 illustrates a numerical controller hard- 
ware configuration (hereinafter referred to as the 

' "topology") based on a serial real-time commu- 
nication system (hereinafter referred to as the 
"SERCOS") between a numerical control mecha- 
nism and a drive mechanism for machine tools. 
The system has been adopted by the German 
Machine Tool Manufactures* Association (Vereins 
Deutscher Werkzeugmaschinenfabriken e.v.) and 
the Central Electrical and Electronic Industries' So- 
ciety (Zeutralverband Elektrotechnik- and Elec- 
tronikindustrie e.V.). 

In the SERCOS system, one or more master 
(M) stations 1 are installed in a numerical controller 
for making serial transmission to and from servo 
amplifiers, spindle amplifiers, etc. of a manufactur- 
ing machine. One or more slave (S) stations 2 are 
linked with the numerical controller by serial trans- 
mission and correspond to the control sections of 
the servo amplifiers and spindle amplifiers in the 
machine. 

One or more drives (D) may be driven from the 
control sections of the slave stations 2 and specifi- 
cally correspond to the power sections of the servo 
amplifiers/spindle amplifiers in the machine. A 
serial transmission line 4 connects the master sta- 
tion 1 to one or more of slave stations 2, and the 
arrow indicates the direction in which serial trans- 
mission data is transmitted. With reference to the 
serial transmission link 4, the master stations 1 are 
on the "numerical controller (N/C) unit side" while 
the slave stations 2 are on the "remote control unit 
side". 

As shown in Fig. 11, the SERCOS embodies a 
topology wherein a plurality of master stations 1 
may be contained in a numerical control mecha- 
nism, and each master station may have a respec- 
tive plurality of slave stations 2 interfacing with a 
corresponding one or more drive controllers 3, and 
may be linked to its respective slave stations in a 
ring-form by serial transmission line 4. 

The particular specifications of the serial trans- 
mission line 4 in the SERCOS may be described 
with reference to Figs. 12 to 16. 



First, with respect to signal format, serial trans- 
mission between a master station 1 and its cor- 
responding slave stations 2 employs a format simi- 
lar to the High Level Data Link Control (HDLC) 
5 protocol (frame configuration. ..JIS X5104) as shown 
in Fig. 12. The format comprises a start FL-AG, 
serving as a first multi-bit frame delimiter, an ad- 
dress field comprising a destination address DA 
and a source address SA, a data field D. a frame 
10 check field FCS and an end FLAG. A FLAG may 
comprise 8 bits, such as the sequence 0111 1110 
representing the number "7E" in hexadecimal. The 
address fields DA and SA each may comprise 
eight bits and the data field D may comprise a 

75 plurality of eight bit groupings. The frame check 
field FCS is fixed at 16 bits. The conventional 
HDLC protocol may be consulted for more informa- 
tion on the frame configuration and, therefore, will 
be omitted herein. 

20 Second, with respect to transmission timing, it 

should be noted initially that the serial transmission 
line 4 may comprise an optical fiber transmission 
path, as shown in Fig. 15. The optical fiber cable is 
interfaced to transmission equipment by connec- 

25 tors conforming to the SMA standard (IEC86B- 
(C020)). In Figure 15, a TTL signal is input to a 
transmission end comprising a driver circuit 20, 
which controls the operation of a LED within a SMA 
housing 21. The light output of the diode in di- 

30 rected by a SMA connector 22 to a plastic optical 
fiber 23. At the receiving end, a similar connector 
22 directs the light signals to a photodiode with an 
amplifier integrated circuit contained in a SMA 
housing 24. The transmitted signal is thus con- 

35 verted from optical to TTL for subsequent process- 
ing at the receive end. 

Since only one optical fiber transmission path 
is employed in a ring form, a transmission clock 
and transmission data are multiplexed for transmis- 

40 sion and then separated and extracted from the 
sent signal on the receive end. NRZI (No Return to 
Zero Inverted) coding shown in Fig. 14 is em- 
ployed to create this signal by multiplexing the 
transmission clock and transmission data. Down- 

45 ward arrows in Fig. 14 indicate the change points 
of the transmission clock. An example of the NRZI 
coding achieved by combining the bottom trans- 
mission data of 0 and 1 and the top transmission 
clock is given as a waveform shown in the middle, 

50 which is inverted in accordance with the timing of 
the transmission clock sending data "0". 

The receive end extracts the transmission 
clock based on the timing of the waveform inver- 
sion, samples the waveform in accordance with the 

55 timing of the transmission clock extracted, and 
determines the values of 0 and 1 for the transmis- 
sion data. 

Fig. 13 illustrates a time allocation of the data 
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transmitted through the transmission line, wherein 
MST indicates transmission timing data from the 
master station 1 to the slave stations 2. wherein 
AT1, AT2 to ATX indicates transmission data from 
the slave stations 2 to the master station 1, and 
MDT indicates transmission data from the master 
station 1 to the slave stations 2. 

For specific data, a transmission cycle (TCYC, 
e.g. 1.7ms) is determined in accordance with the 
MST timing. The MST is a frame including system 
modes (start-up, operation and other modes), etc. 
and chiefly functions to establish synchronization 
with the slave stations. The ATI, AT2, ATX are 
frames transmitted from the slave stations to the 
master station a specified period of time (T1.1, 
T1.2 to T1X) after the transmission of the MST; 
such frames include motor position data, motor 
speed data, motor current data, alarm status, etc. 
of the servo amplifiers and spindle amplifiers serv- 
ing as the slave stations. 

The MDT frame transmitted by the master sta- 
tion, at a time T2 after the transmission of the MST 
frame, includes data such as motor drive com- 
mands to the servo amplifiers and spindle amplifi- 
ers and mode designation (constant surface-speed 
control mode, C-axis control mode, etc) to the 
servo amplifiers and spindle amplifiers. 

As described above, the communication be- 
tween the master station 1 and the slave stations 2 
during the TCYC cycle permits the functions of the 
numerical controller to be achieved. 

Fig. 16 is a general connection block diagram 
where two slave stations are connected to one 
master station. In Fig. 16, the master controller 1 
represents the master station, and the slave con- 
troller 2A and slave controller 2B represents the 
slave stations #1 and #2, respectively. A clock 30 
is operative to generate a clock signal TXCLK 
which is input to the master station controller and 
to a flip flop 31. The master station controller 
outputs a data signal TXD and a transmission 
switching signal IDLE which, together with the flip 
flop 31 output signal, are received by multiplexer 
32. The multiplexer 32 is a transmission signal 
switching circuit where either of two input signals is 
selected, thereby generating the NRZI signal for 
transmission to the several slave stations. The 
NRZI signal in TTL form is provided to the trans- 
mission end 33 which converts the electrical signal 
to an optical signal for transmission along optical 
link 34A. 

At a first receive end 35, a conversion is made 
from an optical signal into an electrical signal. The 
output of the receive end is connected to a receive 
signal regeneration section 36 for separating the 
received NRZI signal into receive data RXD and 
receive clock RCLK, which are then provided to the 
controller 2A for slave # 1. The receive clock and 



data are processed by the controller 2A for stave 
#1 and the controller is operated accordingly. 

The receive clock RCLK also serves as a trans- 
mit clock and is processed by the slave #1 control- 

5 ler in a manner similar to the way that the signal 
TXCLK is processed by master controller 1. In 
addition to the slave #1 controller, the receive data 
RXD also is provided to a multiplexer "37, which 
generates NRZI signals in further response to a 

70 transmit data TXD and switching signal IDLE from 
the controller 2A of slave #1. Transmit end circuit 
38 functions in a manner similar to circuit 33. Also, 
the comparable elements 39-42 for slave #2 and 
the receive elements 43, 44 for master station 1 

75 function in a manner corresponding to similar ele- 
ments 35 and 36 in slave #1 . The connection of the 
stations by lines 34A-34C defines a ring topology. 

A first problem to be solved in the conventional 
communication system, configured as described 

20 above, is that synchronization must be established 
in accordance with the master synchronization 
frame MST transmitted by the master station to the 
slave stations in order to ensure exact synchroniza- 
tion of the master station and the slave stations 

25 connected to the master station. The use of the 
dedicated master synchronization frame MST to 
establish synchronization, results in low transmis- 
sion efficiency. 

The maintenance of synchronization is ex- 

30 tremely important and in most applications cannot 
be compromised. For example, where the master 
station is a numerical controller that allows syn- 
chronous control of a plurality of axes (e.g. X, Y 
and Z axes) and the slave stations are servo am- 

35 plifiers and/or spindle amplifiers, lack of synchro- 
nization of the master and slave stations causes 
the axes driven from the servo amplifiers to move 
separately on a time basis or the axis driven from 
the servo amplifiers and the spindles driven from 

40 the spindle amplifiers to operate individually on a 
time basis. As a result, the intended machining 
would not be accomplished accurately. 

The synchronization problem explained with re- 
spect to the simple system of Figure 16 is further 

45 amplified in a more complex system, such as one 
with multiple remote stations. Fig. 17 is a sche- 
matic configuration diagram of a conventional nu- 
merical control unit which employs sequence pro- 
cessing and has multiple remote units operating 

50 under its central command. In the Figure, a numeri- 
cal control unit 51 comprises a plurality of sections 
51A-F and is connected to a plurality of remote 
control units 52 via serial transmission line 54A 
operating in accordance with the HDLC protocol. 

55 An operator control station 53 comprises a commu- 
nication interface 53A that is connected to section 
51 E of the numerical control unit 51 , an operation 
board 53B (and/or keyboard) for an operator to 
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carry out control, and a display section 53C. From 
section 51 C, the N/C unit can have direct control of 
operational machining elements, such as servo am- 
plifiers 55 and spindle amplifiers 56, which operate 
servo motors 57 and spindle motors 58. respec- 
tively. Because the I/O slots for the printed circuit 
boards in an NC device are limited, an external or 
remote device having an I/O and CPU may be 
connected to provide control for additional motors. 
Thus, from section 51 B, the N/C unit can have 
indirect control of additional operational machining 
elements via the remote control units 52. In that 
case, a machine I/O section 51 A of the numerical 
control unit 51 and a machine interface 59, which 
also connects to the machine I/O sections 52A of 
each remote control unit 52, also are connected via 
lines 54B and 54C. 

In operation, a sequence program for executing 
the machine sequence of a machine tool used with 
the numerical control unit 51 is included in the 
numerical control unit 51 for the execution of ma- 
chine sequence processing. Results of the 
sequence-processing by the numerical control, unit 
51 are transmitted under the HDLC protocol via 
lines 54B to the machining interface 59 for further 
input to the remote control units 52. Information 
concerning the operation of the remote unit ma- 
chining are also transmitted via the interface and 
lines 54C, and under the HDLC protocol to the 
numerical control unit 51. which then performs fur- 
ther sequence processing thereon. 

Based on this design, a second problem in the 
conventional art is that the timing of the machine 
I/O processing in the numerical control unit 51 and 
the remote control units 52 are not considered in 
the conventional system of Fig. 17. As a result, 
timing errors occur between the machine I/O pro- 
cessings of the numerical control unit 51 and the 
remote control units 52. 

A third problem with systems that use a HDLC 
or similar frame, as seen in Figure 12, is the 
existence of transmission errors. If there is a trans- 
mission error in the frame check sequence code 
that is used to detect errors in an address or data, 
or in an address section or in a data section in the 
frame, the frame itself will simply become mean- 
ingless. However, such errors will not cause any 
transmission problems. But since there is only one 
start and one end flag in a HDLC or similar frame, 
errors typically will originate with those flags. 

For example, a noise component, having a 
short pulse width and a relatively low frequency, 
called power source noise, may overiap either or 
both flags in the HDLC frame, as is shown for 
HDLC frames Fl, F2 and F3 in Fig. 19. In this 
case, the transmission line noise has a period of 20 
msec (50 Hz) and will interfere with the integrity of 
the transmission. As a result, the frame structure 



cannot be identified and a significant amount of 
time will be required to restore transmission to a 
normal state. 

Specifically, if there is a transmission error in 
5 start flag at A1 in frame Fl in Fig. 18, the slave 
station will continue to wait for a start flag since 
start flag A1 is not detected. Since slave flag A1 is 
blocked, the end flag at B1 may be mistakenly 
perceived as the start flag. Even if start flag at A1 

70 is recognized, but if end flag at B1 is not identified 
due to a transmission error, the start flag at Cl in 
Flame F2 may be mistakenly identified as an end 
flag. In addition, if either flag of a standard HDLC 
transmission frame is not detected due to transmis- 

75 sion line noise, etc., it is difficult to restore a 
transmission cycle. 

It is, accordingly, an object of the present in- 
vention to overcome the disadvantages in the con- 
ventional art by providing a communication system 

20 which solves the first problem by allowing synchro- 
nization to be established between the master sta- 
tion and the slave stations without employing any 
special synchronization, frame. 

It is a further object of the present invention to 

25 provide a communication system that can operate 
more efficiently than the conventional system, and 
at a higher speed. 

It is yet another object of the present invention 
to provide a communication system in which timing 

30 is established on the basis of data transmission by 
the master station to the slave stations. 

Another object of the present invention is to 
overcome the second problem in the conventional 
art by matching the I/O timing between the numeri- 

35 cal control unit and the machine interface of the 
machine at the numerical control unit I/O section 
and the remote control unit I/O sections, thereby 
improving I/O timing accuracy. 

A further object is to solve the third problem in 

40 the conventional art and achieve transmission be- 
tween the numerical control unit and the remote 
control units which is not affected by data errors 
due to transmission line noise. 

45 SUMMARY OF THE INVENTION 

The present invention achieves these and other 
objects by establishing respective transmission 
times for addressed information directed from a 

50 master station to a plurality of slave stations, and 
establishes at each slave station a respective tim- 
ing value that corresponds to the transmission time 
for its information, so that each station can estab- 
lish synchronization of operation on the basis of a 

55 detection of the addressed information and the 
timing value. 

More specifically, in accordance with the inven- 
tion, a plurality of slave stations may be connected 
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with a master station by a serial transmission line. 
Each of the stave stations is equipped with a sys- 
tem counter and a control timing setting register. 
Each slave station receives data when address 
information Included in a transmission frame sent 
by the master station matches its own address and 
presets the system counter so that control timing 
for the object to be controlled by the master station 
matches the timing by the one or more slave 
stations. As a result, plural slave stations can out- 
put a control signal which matches the control 
timing for an object to be controlled by master 
station when the contents of the system counter 
match the contents of control timing setting regis- 
ter. 

As yet another feature of the invention, the 
slave station collects actual control timing data 
between the master station and the slave station 
and, based on this data, the slave station sets a 
predetermined value in the control timing setting 
register. 

As a further feature of the present invention, 
the information transmitted between a master sta- 
tion and the slave stations comprises plural starting 
and/or ending flags, the number of flags being 
selectable on the basis of the desired reliability. 

The present invention, as described and 
claimed, results in a low-cost communication sys- 
tem which allows reference timing in a correspond- 
ing slave station to be present when the destination 
address information in data transmitted from the 
master station to the slave station matches the 
slave station's own address so that synchronization 
of the master station and the slave stations may be 
established without employing a special clock sig- 
nal transmission line. 

Further, the present Invention simplifies the in- 
terface of a machine by making machine I/O pro- 
cessings of the numerical control unit with respect 
to the machine timed almost simultaneously, in- 
dependently of the machine I/O section built in the 
numerical control unit and the machine I/O sections 
built in the remote control units. In the HDLC-type 
transmission between the numerical control unit 
and the remote control units, the remote control 
unit activates a timer synchronized with a destina- 
tion address existing in a HDLC-type frame trans- 
mitted from the numerical control unit, whereby the 
machine I/O processing of the remote control units 
can be performed with approximately the same 
timing as the machine I/O processing of the nu- 
merical control unit. 

Finally, the present invention provides a high 
level of reliability in various environments by pro- 
viding a HDLC-type frame with a plurality of start- 
ing and/or ending flags. 

BRIEF DESCRIPTION OF THE DRAWINGS 



Fig, 1 illustrates a numerical controller system 
configuration with which the communication system 
of the present invention is used. 

Fig. 2 is a master station configuration accord- 
5 ing to an embodiment of the present invention. 

Fig. 3 is a schematic block diagram of an 
HDLC transmission circuit according to an embodi- 
ment of the present invention. 

Fig. 4 illustrates a slave station configuration 
10 according to an embodiment of the present inven- 
tion. 

Fig. 5 illustrates detailed data transmission tim- 
ing between the master station and the slave sta- 
tions according to an embodiment of the present 
75 invention. 

Fig. 6 is a timing chart showing the overall 
operation of the communication system according 
to an embodiment of the present invention. 

Figs. 7A and 7B, respectively, illustrate an 
20 HDLC frame configuration of an embodiment of the 
present invention and a transmission sequence us- 
ing the Invention. 

Fig. 8 is a processing timing comparison^ dia- 
gram between an embodiment of the present in- 
25 vention and the background art. 

Fig. 9 illustrates a N/C system which can auto- 
matically determine machine I/O timing according 
to an embodiment of the present invention. 

Fig. 10 illustrates details of the N/C system of 
30 figure 9. 

Fig. 1 1 illustrates a conventional system topol- 
ogy based on a serial real-time communication 
system (SERCOS). 

Fig. 12 illustrates a conventional data frame 
35 configuration employed for one cycle of serial 
transmission in the SERCOS. 

Fig. 13 is a time allocation diagram for a serial 
transmission line in the SERCOS. 

Fig. 14 provides an example of serial transmis- 
40 sion data coding in the SERCOS. 

Fig. 15 is a diagram illustrating an optical fiber 
transmission path used with the serial transmission 
line in the SERCOS. 

Fig, 16 is a general view of transmission line 
45 connection in the SERCOS. 

Fig. 17 is a schematic block diagram of a 
conventional control unit. 

Fig. 18 is a timing diagram for a conventional 
control unit. 

50 Fig. 19 is a waveform diagram for a conven- 

tional control unit. 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

55 

An embodiment of the present invention will 
now be described in reference to Figs 1 to 5. 

Fig. 1 illustrates a numerical controller system 
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configuration with which a comnnunication system 
associated with the present invention is used, 
wherein two nnaster stations 1A and 1B are in- 
stalled in a numerical controller 1 for making serial 
data transmission to and from servo 
amplifiers/spindle amplifiers in an object to be con- 
trolled (e.g., a machine). Each master station com- 
municates over a serial link with one or more slave 
stations 2; for example, slave stations S1 (#0-#2) 
are linked in a daisy chain connection with the 
master station lA by a serial data transmission line 
4. Each slave station corresponds to the control 
section of a servo amplifier/spindle amplifier and is 
connected to one or more drives 3 that are driven 
from the control sections of the slave stations 2 
and are equivalent to the power sections of the 
servo amplifiers/spindle amplifiers. The serial data 
transmission line 4 connects the master station 1A 
to the plurality of slave stations 2 and provides a 
serial data transmission in the direction indicated 
by the arrows. 

Fig. 2 is a master station configuration diagram 
for the control of four slave stations via a serial 
data transmission line. In Fig. 2, an oscillator circuit 
10 provides a pulse string to an NC internal system 
counter 1 1 which counts the input pulses and gen- 
erates a plurality of outputs, each defining a dif- 
ferent period of time. For example, a pulse string 
that has a period of 0.2 ms will result in counter 
outputs at periods of 3.5 msec, 1.7 msec, 0.8 
msec, 0.4 msec and 0.2 msec, as shown in Fig. 6. 
Each of the periods is established by dividing the 
clock pulses from the oscillator circuit 10 and is 
used to established the unique timing of transmis- 
sions for a respective slave station. Transmission 
timing setting registers 12A to 12D also are used to 
establish the transmission timing for each respec- 
tive slave station 2 and their content is set by a 
CPU 13. For example, "0000" is set in the register 
12A for defining the transmission timing for the 
slave station 1#0, "0001" is set in the register 12B 
for defining the transmission timing for the slave 
station 1#1, "0010" is set in the register 12C for 
defining the transmission timing for the slave sta- 
tion 1#2, and "0011" is set in the register 12D for 
defining the transmission timing for the slave sta- 
tion 1#3. At the time of this setting, the transmis- 
sion timing of the 0.2 msec period is not set in a 
register because the transmission will be timed 
properly if that timing is not set. 

Comparator 14A to 14D are used for compar- 
ing the current value of the NC internal system 
counter 11 and the value stored in each of the 
transmission timing setting registers 12A to 12D 
and for initiating a data transmission to the cor- 
responding slave station 2 when the values match. 
Specifically, as shown in Fig. 6, when the value of 
the NC internal system counter 11 is "0000," (i.e. 



the clock pulse input at a period of 0.2 ms have not 
yet defined a period of 0.4 ms. 0.8 ms, 1.7 ms or 
3.5 ms), it matches the value "0000" of the register 
12A and data transmission to the slave station 1#0 

5 is started. 

When the NC internal system counter 1 1 value 
reaches "0001", "0010" and "0011," they match 
those of the registers 12B to 12D, respectively, and 
data transmission to the slave stations 1#1 to 1#3 

70 is started in sequence. Each data transmission 202 
is formed in a frame configuration conforming to 
the HDLC standard and is received by the slave 
station 2 with a delay of T time occurring due to 
the transmission line 4, as shown in Fig. 5 for slave 

75 station 1#0 data. 

Figure 3 illustrates an HDLC frame transmis- 
sion circuit in accordance with the present inven- 
tion, wherein a data transmission circuit 15 re- 
ceives the output of a corresponding comparator 

20 14 in the master station and, in response thereto, 
outputs data received from a parallel to serial con- 
verter 19 that converts command and data signals 
from CPU 13. The output of the transmission circuit 
15 is sent concurrently to an OR circuit 18 and to a 

25 redundant code calculation and transmission circuit 
16. The redundant code circuit 16 is used to add a 
redundant code (a frame check sequence or FCS) 
that serves to detect any overall data error that 
extends over a plurality of bits. The output of the 

30 redundant code circuit 16 is also output to OR 
circuit 18. 

A start flag and end flag transmission circuit 17 
also receives the timing output of a corresponding 
comparator 14 in the master station and provides 

35 an output to the OR gate 18 which indicates the 
beginning and end of an HDLC frame. As the flags 
are sent, the flag transmission circuit 17 also pro- 
vides a transmission completion signal on line 17A 
indicating that the transmission of one flag is com- 

40 plete. The transmission completion signal is output 
to a flag counter 20, which counts the number of 
start and end flags sent. 

In addition to outputting processed data to con- 
verter 19. the CPU 13 also outputs a flag number 

45 that is used to determine the timing of the data 
transmission by the master station. A flag number 
is preset into flag setting register 22 and the regis- 
ter output is provided to comparator 21 . When the 
count of completed flag transmissions in counter 

50 20 equals the preset number in register 22, the 
comparator 21 issues a transmission stop signal on 
line 21 A for stopping the flag transmission. 

Referring now to Fig. 4, a configuration dia- 
gram of one slave station 2 is shown, A receiver 

55 101 is connected to the output of the master sta- 
tion or a preceding slave station for receiving data 
transmitted by the master station 1. The output of 
receiver 101 is directed to a multi-stage receive 
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shift register 102, having one output that connects 
to a receive RAM 103 for storing data transnr^itted 
by the master station 1 for the receiving slave 
station. Another output of the register 102 is con- 
nected to a comparator 107. in common with the 
output of a receiver address setting register 104. 
The receive address setting register 104 has stored 
therein a unique receive address that is allocated in 
correspondence with the identity of one respective 
slave station 2 and is preset by a CPU 105. A 
system counter presetting register 106 stores the 
same value as that of a corresponding transmission 
timing setting register 12A to 12D in the master 
station 1 and is preset by the CPU 105 with a value 
that will put that particular slave station 2 in phase 
with the transmission cycle from the master station 
1. Specifically. "0000" is set in the system counter 
presetting register 106 of the slave station 1#0, 
"0001" in the system counter presetting register 
106 of the slave station 1#1. "0010" in the system 
counter presetting register 106 of the slave station 
1#2, and "0011" in the system counter presetting 
register 106 of the slave station 1#3. 

The comparator 107 acts to compare an ad- 
dress in a frame transmitted by the master station 
1 and an address preset in the receive address 
setting register 104. Upon determination of an iden- 
tity of addresses, the comparator 107 issues a load 
signal 203. The load signal is operative for loading 
the value set in the system counter presetting 
register 106 into the slave's system counter 108. 
Thus, upon detection of an identity between unique 
slave address and transmitted address in the signal 
send by the master, the system counter load signal 
203 will be input to the system counter 108 and will 
preset the value of the system counter 108. 

An oscillator circuit 109. having a clock source 
which generates pulses at a frequency identical to 
that of the oscillator circuit 10 in the master station 
1, is input to the system counter 108. When gated 
by the load signal 203. the system counter 108 will 
count the pulses output by the oscillator 109 and 
will generate outputs having periods of 3.5 msec, 
1.7 msec, 0.8 msec and 0.4 msec. The periods are 
selected to match the periods of the signals pro- 
vided by counter 11 in the master station 1. An 
interrupt timing setting register 110 is preset by the 
CPU 105 to have an interrupt timing value ("1000" 
in the present embodiment) that is reached after all 
slave stations 2 would have received data from the 
master station 1. The same timing value is set in all 
slave stations 2 that require synchronous control. 

A comparator 111 is connected for comparing 
the value of the system counter 108 and that of the 
interrupt timing setting register 110 and for output- \} 55 
ting an interrupt signal to the CPU 105 when the ■ 
values match. 

The CPU 105 controls a servo motor 112 (e.g. 



a spindle motor) through a PWM output circuit 113 
and a power circuit 114. The position and other 
data of the motor 1 12 are fed back to the CPU 105 
by a detector interface 115. Other components are 
5 similar to those in the conventional system and wilt 
not be described herein. 

The operation of the present invention may be 
best described with reference to Fig. 6, which is a 
timing chart identifying the overall operation of the 
70 present invention. Initially, it should be noted that 
"0000," "0001," "0010" and "0011" are to be 
preset by the CPU 13 in the transmission timing 
setting registers 12A to 12D of the master station 
1, respectively. These settings will be used to 
75 define the particular timing of each slave station 
transmission. In addition, the receive addresses 
allocated in correspondence with the slave stations 
2 are preset by each CPU 105 in the receive 
address register 104 of its respective slave station 
20 2. The same values as those of the transmission 
timing setting registers 12A to 12D, i.e, "0000," 
"0001," "0010" and "0011," are also preset by 
each CPU 105 in the. slave station counter preset 
register 106. Finally, the interrupt timing value 
25 ("1000") to the CPU 105 is preset by each CPU 
105 in the interrupt timing setting register 110. 

In the present example, the transmission to the 
slave station 2A, 2B, 2C and 2D will be set to occur 
at 0.4 ms, 0.8 ms. 1.7 ms and 3.4 ms, respectively, 
30 as seen in Fig. 6. Further, an interrupt is set to 
occur at 7.2 ms. 

After the predetermined values have been set 
in the registers 12A to 12D, 104, 106 and 110 as 
described above, data transmission from the mas- 
35 ter station 1 to the slave station 2 is started. 

The value of the NC internal system counter 1 1 
is then compared with those of the transmission 
timing setting registers 12A to 12D by the com- 
parators 14A to 14D and data transmission to a 
40 corresponding stave station 2 is started when the 
values match. Since the values "0000" match first, 
data transmission to the slave station 1#0 is ini- 
tiated. A predetermined length of time after the 
start of the transmission to the slave station 1#0, 
45 the values "0001" match and the transmission to 
the slave station 1#1 is started. Since the values 
"0010" and "0011" then match in sequence, trans- 
missions to the slave station 1#2 and the station 
1#3 are initiated in sequence. 
50 The transmission to the several slave stations 

appear in respective time slots that are serially 
ordered, as illustrated in Fig. 6. Each transmission 
in a time slot may have the conventional data form 
configuration illustrated in Fig. 12, Including slave 
station address information. 

As a result, each slave station 2 receives its 
data at its receive RAM through the receiver 101 
and the receive shift register 102 with a delay AT 
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occurring due to the transmission line 4 after the 
start of transmission as shown in Fig. 5. Since the 
slave station 1#0 is the first to receive data at the 
receive RAM 103, the address entering into the 
receive shift register 102 matches the address set 
in the receive address setting register 104. This 
causes the comparator 107 to output the system 
counter load signal 203 to the system counter 108. 
When the load signal 203 is input to the system 
counter 108, "0000" preset in the system counter 
presetting register 106 is loaded into the system 
counter 108, which is then set to "0000" and starts 
to count the clock pulses from the oscillator circuit 
109 from "0000". 

After the slave station 1#0 has received data 
and the system counter 108 has started counting 
from "0000," the slave station 1#1 receives data at 
the receive RAM 103. "0001" is set in the system 
counter 108 of the slave station 1#1 in the same 
manner as in the slave station 1#0 as described 
above, and the system counter 108 of the slave 
station 1#1 starts counting the clock signals from 
, the oscillator circuit 109 beginning with "0001." At 
this time, the value of the slave station 1#0*s sys- 
tem counter 108 is identical to that of the slave 
station 1#rs system counter 108. Since the sys- 
tem counters of the slave stations 1#2 and 1#3 are 
set to "0010" and "0011/ respectively, in the 
aforementioned manner in sequence, the system 
counter 108 values of all slave stations 2 are iden- 
tical to each other on completion of the data trans- 
mission to the slave stations 1#0 to 1#3. 

When the value of the interrupt timing setting 
register 110 in each slave station ("1000" in the 
present embodiment) matches that of the system 
counter 108, with the system counters 108 of all 
slave stations 2 being in phase with each other as 
described above, each comparator 1 1 1 concurrent- 
ly outputs an interrupt signal to its corresponding 
CPU 105. 

When such interrupt signal is input to each 
CPU 105, each CPU 105 simultaneously reads the 
control data (current loop processing, position loop 
processing and speed loop processing data in the 
present embodiment) for each motor 112, as stored 
on each receive RAM 103 of each slave station 2, 
and synchronously controls each motor 112 
through each PWM output circuit 113 and each 
power circuit 114. 

In the operation of the first embodiment of the 
present invention described above, the slave sta- 
tions 2 can be synchronized without transmitting 
the synchronization frame required in the conven- 
tional system. In other words, the motors 112 can 
be synchronously interpolated without transmitting 
any synchronization frame. This permits the in- 
tended machining, where synchronous interpolation 
is required, to be achieved. 
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In a further feature of the first embodiment, 
where the system counters 108 are preset by the 
slave stations on detection of their own addresses, 
they may be designed to be preset again only a 
5 predetermined period of time (e.g., one transmis- 
sion cycle time) after being preset once. In this 
design, if a wrong address is transmitted due to 
noise entering the transmission line or if the com- 
parator 107 misoperates and misrecognizes a sta- 

70 tion address, the communication system of the 
present invention will operate without fault and its 
reliability will be further improved. 

While the oscillator circuits 10 and 109 each 
have a clock source with identical frequencies in 

75 the preferred embodiment, it would be clear to one 
of ordinary skill that the clock sources need not be 
of identical frequencies. 

Referring again to the illustration in Fig. 4 of an 
HDLC frame receive circuit according to the 

20 present invention, a flag detector circuit 116 is 
operative to detect the start and end of the HDLC 
frame in response to the results of the comparisons 
made, by comparator 107 and to output a receive 
start signal 201 and a receive end signal 202. An 

25 FCS calculation and comparison circuit 117 re- 
ceives the signals stored in each stage of the shift 
register 102 and detects an error occurrence by 
calculating the FCS of receive data, comparing the 
FCS data transmitted following the receive data, 

30 and outputting an FCS error signal 203 if the result 
of comparison is a mismatch. A converter circuit 
118 is connected at the output of the last stage of 
register 102 for converting the received serial data 
into parallel data. 

35 The combination of 104. 106 and 107 acts as a 

destination address detector circuit for starting a 
HDLC receive operation upon detecting a destina- 
tion address match. The circuit also outputs a 
preset signal 203 to timer counter 108, operating in 

40 accordance with a system clock 109, for causing a 
predetermined timed delay, which is a major fea- 
ture of the present invention. 

As previously described, comparator 111 will 
output a match signal 205 when the value preset in 

4S timer time setting register 110 matches a value of 
the timer counter 108. This match signal 205 is 
employed as an interrupt input into the CPU 105. in 
response thereto, the CPU 105 outputs the con- 
tents of the receive RAM 103 into a remote control 

50 unit machine I/O section comprising elements 112- 
115 and writes data incoming from the machine I/O 
section into a transmit RAM 119. 

While the direct connection of transmission 
lines between the numerical control unit 1 and the 

55 remote control units 2 are shown in the first em- 
bodiment, the present invention is applicable to a 
case where there also is a machine I/O section 
acting as an interface to a drive system, such as 
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servo amplifiers and spindle amplifiers. Fig. 9 is a 
structural configuration of an alternative embodi- 
ment of a numerical control system having a plural- 
ity of slave stations 2 and a master station 1 
connected by a serial transmission line 4 for mu- 
tual data transmission. An operator unit 6, compris- 
ing a board 6A and display 68, is connected to the 
master station and a plurality of directly controlled 
slave units 7, having driven elements 7A, and a 
controlled unit 8, having driven unit 8A, are also 
connected to the master station 1 . An I/O interface 
2A, having the same role as that of interface 59 in 
the conventional system illustrated in Fig, 17, also 
appears in the slave stations 2. 

For example, as shown in Fig. 9, the machine 
output signal of the numerical control unit 1 may 
be entered into the machine I/O sections 2A of the 
remote control units 2 so that the CPUs of the 
remote control units may automatically determine 
the value of the timer time setting register 110 in 
Fig. 4 according to timing information on the entry 
of the signal. 

Processing timing, in. accordance with Jhe in- 
vention may be described specifically with refer- 
ence to the timing diagram of Figure 8 and the 
system illustrations in Figures 4 and 9. Referring to 
Fig. 8. the numerical control unit (master) 1 , which 
ordinarily performs multi-tasking under a real-time 
operating system, responds to a system clock sig- 
nal (designated by timing arrows along time-line A 
in Fig. 8), and repeats its execution within a 1 -cycle 
area. Signals along time-lines B and F indicate the 
processings of the numerical control unit 1 . wherein 
R1 , R2 and R3 are the processings of receive data 
from the remote control units (slaves) 2, wherein 
SI , S2 and S3 are the processings of transmit data 
to the remote control units 2, wherein 01, 02 and 
03 are the output processings of the numerical 
control unit 1, and wherein II, 12 and 13 are the 
input processings thereof. 

Signals along time-lines C and G indicate the 
processings of the remote control unit 2 which are 
preceded by R to differentiate from the those of the 
numerical control unit 1 . 

In Fig. 8, the processing signals of the conven- 
tional system are along time-lines B and C and 
those signals of the present invention are along 
time-lines F and G. In the conventional system, the 
output processing 01 and the input processing II 
of the numerical control unit 1 are performed after 
the transmit processing SI from the numerical con- 
trol unit 1 to the remote control unit 2. In response 
to the transmit processing SI of the numerical 
control unit 1. the remote control unit 2 first per- 
forms receive processing RR1, then output pro- 
cessing R01 and input processing Rll. Due to this 
sequence, a time shift occurs between the output 
processing 01 of the numerical control unit 1 and 



the output processing ROl of the remote control 
unit 2 and between the input processing II of the 
numerical control unit 1 and the input processing 
Rll of the remote control unit 2. These shifts are 

5 seen in time-lines D and E of Fig. 8. Such time 
shifts present a problem since the coordinated op- 
eration of several devices cannot be obtained. 

In the system according to the present inven- 
tion, the receive processing RR1 of the remote 

70 control unit 2 also is performed in response to the 
transmit processing SI of the numerical control unit 
1. However, by contrast, a timer is started by a 
destination address (D.A.) detection signal detected 
at this time. The implementation of such timer may 

75 be in a manner disclosed with respect to Fig. 4. As 
seen in time-line H, after the timer has expired, the 
output processing ROl and the input processing 
Rll of the remote control unit 2 are performed at 
approximately the same time as the output pro- 

20 cessing 02 and the input processing 12 of the 
numerical control unit. This coordinated processing 
will increase the accuracy of I/O processing timing 
between the entire numerical control unit system 
and the machine interface 5 of the machine. 

25 Since the I/O processing of the remote control 

unit 2 is delayed into the next cycle, while that in 
the conventional system is conducted in the same 
cycle, the response time from the input to the 
output is compared as follows: 

30 In the conventional system, as illustrated on 

time-lines D and E: 

Rll — RSI — R2 - 02 

(from remote control unit input to numerical con- 
trol unit output) 

35 II — S2 — RR2 — R02 

(from numerical control unit input to remote con- 
trol unit output). 
In the present invention system, as illustrated 
by time-lines I and J: 

40 Rll — RS2 — R3 ^ 03 

(from remote control unit input to numerical con- 
trol unit output) 
11 -* SI ^ RR1 ROl 

(from numerical control unit input to remote con- 

45 trol unit output). 

Notwithstanding the introduction of a timed de- 
lay, in both systems, the response time is approxi- 
mately 1 cycle and it can be seen that there is no 
difference between the two systems in this regard. 

50 However the timing accuracy is significantly im- 
proved. The length of the arrows in lines D, E, H 
and I are a schematic representation of the dura- 
tions involved. 

This selectable delay can assure coordination 

55 of several devices, in a manner previously ex- 
plained with respect to Fig. 4. In that Figure, the 
CPU 105 in a slave station may store, in an inter- 
rupt timing setting register 110, a predetermined 
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value which is preset so that input/output proces- 
sings of a tool machine in a numerical control unit 
(master station) and a remote control unit (slave 
station) can be synchronized. With reference to 
Fig. 8, lines F and G, this is the time required from 
receive processing RR1 on the side of the slave 
station 2 to output processing 02 on the side of the 
master station l (in case "0000" Is set in system 
counter presetting register 106) or an equivalent 
time is preset in interrupt timing setting register 
110 by CPU 105, In the case where value other 
than "0000", e.g.. "0100", is set in system counter 
presetting register 106, "0100" is added to the 
time required from receive processing RR1 on the 
side of the slave station 2 to output processing 02 
on the side of the master station 1 . 

However, the amount of time required from the 
beginning of receive processing RR1 on the side of 
a slave station 2 to the end of output processing 02 
on the side of master station 1 may be changed 
depending upon various factors, such as the 
input/output characteristics of the interface section 
2A of a machine tool. 

Because of this, it is better to actually measure 
the time required from receive processing RR1 on 
the slave station 2 side to output processing 02 on 
the master station 1 side and to set the actually 
measured time in interrupt timing setting register 
110 as a preset value. 

Fig. 10 show examples of an embodiment 
when the time required from receive processing 
RR1 on the slave station 2 side to output process- 
ing 02 on the master station 1 side is measured 
and this actually measured time is set in the inter- 
rupt timing setting register 110. Specifically, Fig. 10 
illustrates a detailed circuit diagram of an important 
section of Fig. 9. In this configuration, master sta- 
tion 1 includes a transmit/receive section 1 A for a 
HDLC frame or similar frame on the N/C unit side. 
A machine section IB in the N/C unit comprises 
machine output interface section 1C and machine 
input interface section ID. Each of the slave sta- 
tions 2 on the remote side includes a 
transmit/receive section 100 for the HDLC frame or 
a similar frame which corresponds to the combina- 
tion of receiver 101, receive shift register 102, flag 
detector circuit 116, FCS calculation comparison 
circuit 117, serial/parallel converter circuit 118, re- 
ceive RAM 103, transmit RAM 119 and receive 
address setting register 104 in Fig. 4. A first latch 
circuit 120 latches the contents of system counter 
1 08 when a receive start signal to be output to the 
N/C unit is supplied. 121 is the second latch circuit 
which latches the contents of system counter 108 
when a machine output signal from the N/C unit is 
input. 122 is a sensor input section which inputs a 
machine output signal from the N/C unit and out- 
puts a sensor latch signal to the second latch 
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circuit 121 when this signal is input. 123 is a 
machine output signal line. 124 is a receive start 
signal. 125 is a sensor latch signal. 126 is an 
interrupt signal. 2AA and 2AB are machine output 

5 and input sections of the remote control side. Other 
components are similar to those in the first em- 
bodiment and will not be described herein. 

In operation data transmitted from transmission 
section lA of the N/C unit will run through trans- 

10 mission line 4 and will be received at receive 
section 100A of the remote control unit. If an ad- 
dress section of the received data format matches 
an address which is preset in the receive address 
setting register 104 by CPU 107, a receive start 

75 signal 124 will be output from the flag detector 
circuit 116. 

The receive start signal 124 will be input in to 
system counter 108, which continually counts the 
number of signals based on the output of oscillator 
20 circuit 109, and the first latch circuit 120 will latch 
the contents of the system counter 108 at this time. 

Next, when the N/C unit starts a machine out- 
put processing, a signal will be output to a machine 
output signal line 123 from a machine output sec- 
25 tion 1C. This signal will be input into the sensor 
input section 122 in the remote control unit and, 
just like the above case, the second latch circuit 
121 will latch the contents of system counter 108 in 
response to sensor latch signal 125, which Is out- 

30 put In response to the input signal. 

CPU 105 of the remote control unit compares 
the contents of the first latch circuit 120 with those 
of the second latch circuit 121. If a difference is 
detected, it sets the output process timing directed 

35 to a remote machine output section 2AA of the 
remote control unit in the interrupt timing setting 
register 110 based on the difference. To be more 
precise, in case "0000" is set in the system coun- 
ter presetting register 106, the time required from 

40 receive processing RRl on the remoter control unit 
side to output processing 02 on the N/C unit side is 
set. When a value other than "0000", for example, 
"0100" is set in the system counter presetting 
register 106. "0100" is added to the time required 

45 from receive processing RRl on the remote control 
side to the output processing 02 on the N/C side. 

Operations after this are similar to those of 
other previously described embodiments and will 
not be repeated herein. 

50 In this embodiment, there is an example In 

which a sensor input section 122 is specially pro- 
vided in remote control unit. However, a similar 
operation can be appreciated when a remote ma- 
chine input/output section 2A is utilized. 

55 In the described embodiment, the timing for a 

machine output processing is based on a match 
between the N/C unit and the remote control unit. 
However, as would be apparent to one of ordinary 
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skill in the relevant art, if the process tinning dif- 
ference between machine output and input pro- 
cessing on N/C unit side is known beforehand, it is 
possible to nnatch a machine input processing both 
at the N/C unit and at the remote control unit. 5 
Further, it should be noted that the present inven- 
tion is applicable not only to a communication 
system used with a numerical controller as de- 
scribed in the preferred embodiment, but also to a 
communication system for use with any other con- to 
troller requiring synchronous control. 

The third embodiment of the present invention, 
may be described in accordance with Fig. 7A and 
7B. Fig. 7A shows the HDLC frame of the present 
invention system and Fig. 7B that of the conven- 75 
tional system. 

The present invention system is characterized 
by its ability to have multiple start and end flags, 
the number being set by the flag number setting 
register 21 in Fig. 3. In addition, when the destina- 20 
tion address (D.A.), also serving as a synchroniza- 
tion code, is detected on a receiving end, the 
system counter 108, illustrated in Fig. 4, is preset 
and started. 

In the conventional system, only a single start 25 
flag and a single end flag are used. Hence, if either 
of these flags cannot be detected due to transmis- 
sion line noise, etc., there is a strong possibility 
that the reception of the HDLC frame cannot be 
started or ended. In the system embodying the 30 
present invention, however, a plurality of start flags 
and end flags are provided to allow the reception of 
the HDLC frame to be started and ended if one or 
more flags are not detected, thereby reducing the 
possibility of a reception error. Further, if the start 35 
flag and end flag cannot be detected in the con- 
ventional system, a start of reception of the next 
HDLC frame is judged as an end of the reception 
of the preceding frame, thereby preventing restora- 
tion of the transmission cycle to normal. If there is 40 
such a possibility, the present invention system 
only results in receive error of a single frame, 
allowing restoration and ensuring a high degree of 
safety. 

While the number of start flags and end flags 45 
provided in the preferred embodiment illustrated in 
Figure 7A is the same, the number may be dif- 
ferent. 

If the structure of a transmission frame consists 
of a plurality of start flags and a plurality of end so 
flags, transmission line noise is reduced and, as 
Fig. 7B shows, even if a flag at A1, A2, 81, B2 etc. 
cannot be detected, a start flag and an end flag 
can be detected without fail at A3, A4, 83. B4 etc. 
Also, if the number of flags is counted on the 55 
transmission side, once the transmission of a pre- 
determined number of flags has been completed, 
the data transmission will be stopped. Therefore, 



the significant inconvenience of an inability to start 
or finish receiving a frame can be eliminated. 

in addition, if the master station has a flag 
number setting register, the number of flags can be 
easily increased or decreased depending upon the 
relevant environment in which the system is used, 
e.g., the noisiness of a factory. That is, if a factory 
has a lot of noise which causes a transmission 
problem, the number of start and end flags can be 
increased to overcome this problem. 

The entire disclosure of each and every foreign 
patent application from which the benefit of foreign 
priority has been claimed in the present application 
is incorporated herein by reference, as if fully set 
forth. 

Although this invention has been described in 
at least one preferred form with a certain degree of 
particularity, it is to be understood that the present 
disclosure of the preferred embodiment has been 
made only by way of example and that numerous 
changes in the details and arrangement of compo- 
nents may be made without departing from the 
spirit and scope of. the invention as hereinafter 
claimed. 

Claims 

1. A communications system comprising: 

a master station, a plurality of slave sta- 
tions and transmission line means, said master 
and slave stations being connected by said 
transmission line means in a loop for serial 
communication among said stations, said mas- 
ter station being operative to generate data for 
each of said slave stations and to addressable 
transmit said data at predetermined times for 
each respective slave station, each said slave 
station being operative to addressable receive 
and respond to said data, and 

synchronization means operative to control 
the transmission timing of said addressable 
transmission of data at predetermined times 
and, in response to the addressable reception 
of said data at each respective slave station, to 
delayably control the response timing of each 
such slave station to said data by a respective 
predetermined period of time, 

whereby the response timing of all said 
slave stations to the addressable transmission 
of data by said master station is synchronized. 

2. The communications system of claim 1 
wherein said synchronization means com- 
prises: 

means at said master station for establish- 
ing a respective predetermined timing for 
transmission by said master station of data to 
each slave station. 
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means at each said slave station for iden- 
tifying said respective predetermined timing 
and, in response to the addressable reception 
of said data, for using said predetermined tim- 
ing to control the response timing of said slave s 
station. 

3. The communications system of claim 2 
wherein said means for establishing com- 
prises: 70 

processor means for establishing and stor- 
ing respective predetermined timing informa- 
tion for serial transmission of said data to each 
station, said predetermined timing information 
defining a plurality of serial time slots, and 75 

transmission means responsive to said 
stored predetermined timing information for 
controlling the transmission timing of data for 
said slave stations within said time slots. 

20 

4. The communications system of claim 3 
wherein said transmission means at said mas- 
ter station comprises a source of clock pulses, 
a counter of said clock pulses and a compara- 
tor for comparing the value of the count of said 25 
counter and said stored predetermined timing 
information, said comparator identifying a 
transmit time for transmitting data to each of 

said slave stations. 

30 

5. The system of any of claims 2 to 4 wherein 
said means for identifying and using com- 
prises: 

processor means for establishing and stor- 
ing respective predetermined timing Informa- 35 
tion for each said slave station, said predeter- 
mined timing information identifying a timing 
corresponding to said predetermined timing for 
transmitting said data to each slave station, 
and 40 

interrupt means responsive to said stored 
predetermined timing information and the ad- 
dressable reception of data for generating an 
interrupt signal. 

45 

6. The communications system of claim 5 
wherein said interrupt means at each said 
slave station comprises a source of clock 
pulses, a counter of said clock pulses and a 
comparator for comparing the value of the so 
count of said counter and said stored predeter- 
mined timing information, said comparator 
identifying an interrupt timing for each said 
slave station. 

55 

7. The system of any of claims 1 to 6 wherein 
said master and slave stations each have a 
source of clock pulses that operates at the 



same frequencies. 

8. The system of any of claims 1 to 6 wherein at 
least two of said master and slave stations 
have a source of clock pulses that operate at 
different frequencies. 

9. The system of any of claims 1 to 8 further 
comprising an address detection means at 
each slave station, said detection means being 
operative to store unique address information 
identifying said slave station, to detect address 
information in said data transmitted by said 
master station and to generate a time slot 
signal in response to the identity between said 
stored and transmitted address information. 

10. The communications system of claim 9 
wherein each slave station comprises a timer 
for controlling the generation of an interrupt 
signal, said timer being responsive to said time 
slot signal and to said predetermined timing 
information to preset said timer on receipt of 
said data so that said timers of all said slave 
stations are put in synchronization with each 
other on termination of the receipt of said data 
by all said slave stations. 

11. The communications system of claim 10 
wherein the slave stations are operative to 
preset their timers again only a predetermined 
period of time after they have been first preset. 

12. A method of synchronizing the operation of a 
communications system comprising a master 
station and a plurality of slave stations, said 
stations being connected in a loop by a serial 
transmission line and being operative to com- 
municate along said loop at predetermined 
times, comprising: 

establishing at said master station a plural- 
ity of serially positioned time slots, each of 
said time slots being allocated to a corre- 
sponding slave station for transmission of data 
from said master station to said slave station 
and having a corresponding duration, each 
said data comprising address information 
uniquely identifying said slave station: 

establishing at each slave station respec- 
tive predetermined timing information, said tim- 
ing information being established on the basis 
of the relative position of the time slot al- 
located to said slave station; 

transmitting said plurality of data in said 
corresponding plurality of time slots from said 
master station to said slave stations; 

detecting said address information at each 
said corresponding slave station and generat- 
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ing a detection signal; 

counting at each slave station from a 
preset value dependent on the position of the 
time slot for each station and in response to 
said detection signal; and 5 

generating at each station an interrupt sig- 
nal in response to a predetermined count val- 
ue, a plurality of said slave stations generating 
an interrupt In response to said same count 
value. '0 

13. The method of claim 12 further comprising 
delaying a second performance of said count- 
ing step for a predetermined period of time 
after completion of a first performance of said 75 
counting step. 

14, A method of synchronizing the operation of a 
communications system comprising a master 
station and a plurality of slave stations, said 20 
stations being connected in a loop by a serial 
transmission line and being operative to com- 
municate along said loop at predetermined 
times, comprising: 

serially transmitting from said master sta- 25 
tion at predetermined time Intervals to cor- 
responding slave stations data comprising ad- 
dress information uniquely identifying each 
said slave station; 

setting predetermined timing Information at 30 
each said slave station, said timing information 
being established on the basis of said pre- 
determined time Intervals allocated to said 
slave station; 

detecting said address information at said as 
corresponding slave station; and 

based on said detecting step and said 
predetermined timing information set at each 
slave station, delayably generating a control 
signal, said predetermined timing information 40 
being set so that a plurality of said slave 
stations generate said control signal at pre- 
determined relative timings. 

15, The method of claim 14 wherein said predeter- 45 
mined relative timings comprise the concurrent 
generation of interrupts by at least two slave 
stations. 

16. The system of any of claims 1 to 10 wherein so 
said master station is operative to provide a 
machine output signal to a first plurality of said 
slave stations, each said first plurality of slave 
stations further comprising machine 
input/output interface means and machine out- 55 
put signal detecting means, said detecting 
means being operative to establish an output 
process timing at said master station with re- 
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spect to a receive processing timing at said 
first plurality of slave stations. 

17. The system of any of claims 1 to 11 and 16 
wherein said master station transmits Informa- 
tion to and receives information from slave 
stations on a cycle basis and performs Input 
and output processing in one cycle at substan- 
tially the same time that input and output pro- 
cessing at said slave stations for information 
from a previous cycle is conducted. 

18. The system of any of claims 1 to 11, 16 and 
17 wherein said slave stations are operative to 
automatically determine the value of said pre- 
determined times on the basis of machine out- 
put signals transmitted by said master station, 

19. The system of any of claims 16 to 18 wherein 
said detecting means further comprises a stor- 
age means at each said slave stations respon- 
sive to a receive start signal and a machine 
output processing signal fronp said master sta- 
tion for latching first and second current count 
values for each said slave station. 

20. The communications system of claim 19 
wherein said detecting means further com- 
prises means for comparing said first and sec- 
ond current count values and sets an output 
process timing for said output section on the 
basis of said difference. 

21. The synchronizing method of claim 14 wherein 
said predetermined timing information is 
preset. 

22. The synchronizing method of claim 21 wherein 
said predetermined timing information is set on 
the basis of previously known differences in 
process timings. 

23. The synchronizing method of claim 21 further 
comprising measuring the time required from 
receive processing at a slave station to output 
processing at the master station and using the 
actually measured time as said predetermined 
timing information. 

24. The synchronizing method of claim 21 wherein 
said predetermined timing information delays 
the performance of input and output process- 
ing for one cycle at a slave station with respect 
to the performance of receive and transmit 
processing for said same cycle. 

25. A communication system comprising a master 
control unit and a plurality of remote control 
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units wherein serial data connnnunication is 
conducted, using HDLC (High-Level Data Link 
ControlHype protocols, between the master 
control unit and the rennote control units, 
wherein said remote control units detect the s 
destination address of an HDLC-type frame 
transmitted from the master control unit, check 
it against stored destination address informa- 
tion, receive it on a match, and transfer data In 
synchronization with the data transfer of the w 
numerical control unit on the basis of the time 
of day when said destination address was de- 
tected. 

26. A communication system as set forth in claim 75 

25 wherein said master control unit comprises 
a serial data transmission means for transmit- 
ting a plurality of start flags and end flags for 
at least one of said HDLC-type frames. 

20 

27. A communication system as set forth in claim 

26 wherein said serial data transmission means 
comprises means for selectively setting a num- 
ber of start and end flags in said plurality. 

25 

28. In a communication system comprising a mas- 
ter control unit and a plurality of remote control 
units wherein there is making serial data com- 
munication under HDLC (High-Level Data Link 
Control)-type protocols between the master 30 
control unit and the remote control units, the 
method of communication comprising: 

transmitting a HDLC-type frame from said 
master unit to said remote control units, said 
frame comprising a destination address 35 
uniquely identifying a corresponding one of 
said plurality of remote control units and at 
least one of a plurality of start flags and a 
plurality of end flags defining said HDLC-type 
frame, 40 

detecting at said remote control units, at 
least on the basis of said transmitted flags, 
said destination address In an HDLC-type 
frame transmitted from said master control 
unit. 45 

checking at said remote control units said 
destination address against a stored destina- 
tion address in order to determine a match 
therebetween. 

receiving said HDLC-type frame on a 50 
match of said destination address, and 

transferring data from at least one remote 
control unit in synchronization with the data 
transfer of the master control unit on the basis 
of the time when said destination address for 55 
such remote control unit was detected. 

29. A method for a communication system as set 



forth in claim 28 further comprising the step of 
selecting the number of start flags and/or end 
flags for use in said HDLC-type frame. 



14 



EP 0 504 907 A2 



FIG.1 






m 






1^ 


t 1 



SI 

to. 



SI 

41 



D 




SLAVE 



SI 
#2 




[CPUJ 



13 



FIG .2 



3,5 ms --« 
1,7ms — • 
0,8ms ~« 
Q.Lms — 



n 



Jl 



CMP 



A2B 



CMP 

2 



f 

1 
0 

13 

0 

I 
1 



^12 C 



CMP 

3 , 



'12D 



CMP 



"10 



OSC 



•NC^S1#0 



■NC^SHl 



-NC^Slt2 



■NC— Sl#3 



15 



EP 0 504 907 A2 



5e 



p^s 



CMPl/. 



DATA Tx 



Redundant 
Code Calculate 
And Transmit -[^ig 



FIG.3 




21 
22 



13 



. Flag Set Reg. 








CPU 







16 



EP 0 504 907 A2 



FIG.t 



117 



102 

101 1 



Stage +1 \^ 



201 





FCS CALC/TX 






f 










Stage #2 




Stage* 3 



116, 



Flaa 
Detecior 



102 



H6 



202 



X 



113 



PWM 
JluL_ 



lU' 



POWER 



112 '- ^) P 



I/F 



115 



102 



{CPU) 

T^lOB 



119 -[ IX RAM Pi 

I 

103 
_J 



S-^P 



/107 



ADDR 
CMP 

I 



I I I I I I I K 



■lOL 



rD6 



I I 



J,106 

TiTV 



I 



CMP 

T 



-111 



RX RAM 



203 



OSC 



^109 



no 



17 




18 



EP 0 504 907 A2 



CD 



CO 



CO 
C-3 











CO 






1 










CO 

-«=x 




aAG3 


1 






CO 
1 




FLAGl 





r- 
1 








CO 


1 








1 






















-ct 




t 




CO 

:3 


— 




—055 








—OS 




1 


FLAG 


—OS 


i 


cr> 

C-5 
U- 


—OS 


i 


1 ., 


is 




-OS 








-OS' 


CO 

:3 


— 0^ 


CO 

:3 

1 .i 


UCD| 


CO 

s 


-o3 


CO 
Li. 






— oS 






CO 


—0:5 


1— 


] 






-CI 


1 






U- 




CO 

:3 

CL. 


— OOD 




— OJ2| 


FUG 


—OS 




--OS^ 


FUG 


— -(Joo 


CO 




CO 

:3 

J 


— Oco 



19 




20 



EP 0 504 907 A2 



OUTI/F|i 



ilNI/F[ f-1B| 



fl23 



,12/. 



TOOB,^ 



REG. ^ 



I 



CPU 



* -4— * 125 122 



OUT 



2A 



^1 .=rrJ-; 



■2AB 



109 



CTR 



-108 



A2L 



100 



lOOA^ 



110 



4105 



in 



120 

4 



I [ 



_/2AA 



121 

4 



109 -^G-f 



L__Pl25 122 



1?7 I 



-2A 



'2AB 



-108 



100 



400A 



JIO 



105, 



FIG.IO 



T 



in 



126 



120 



1 



2AA 



121 



2A 
2AB 



■p 125"-^ 



109'-€>-' 



122 



^108 



22 













FCS 


FUG 


FLAG 


D.A. 


S.A. 


'"—^ 

1 1( i 



FIG. 12 



23 



EP 0 504 907 A2 



MST ATI AT2 



Tn 



T1.X 



ATX MOT MST 



T2 



TCYCn.7ms) 



FIG.13 



i I M M I I n CUDCK 
PIG H rU I r WAVE FORM 

|0|0|0h|0|lh|0| EXTRACTED VALVE 




24 



EP 0 504 907 A2 



30 
CLOCK 



31 

s 

TFF 



32 
MUX 













*2 













33 
TXMT 



-\ 




EL /OPT 


\- 


— ^ — 




-3/.A 



e- 

35x RECV 



OPT/a 



— < 

REG /36 



37 TXMT 





UPLL 




REGEN 




39-. RECV /.Ov REG 



/,K MUX /♦2> TXMT 




25 




26 




27 




(Oidsn) mWlB i9¥d SIHl 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SffiES 

□ FADED TEXT OR DRAWING 



BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




(ousn)M(J\n93OTdSIHl 



